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munications network, detecting S1 an event, such as the
occurrence of an emergency call or sudden drop in radio
quality, providing a tag S2 for the detected event comprising
event specific information. Subsequently, providing S3 high
precision position measurements the said tagged detected
event, and repeating S4 said detecting and providing steps a
plurality of times. Finally, obtaining local clusters S5 of high-
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DYNAMIC TAG CONTROL AND
FINGERPRINTING EVENT LOCALIZATION

TECHNICAL FIELD

The present invention relates to methods and systems for
position determination of mobile terminals in a cellular com-
munications network, and in particular to localizing events in
such systems.

BACKGROUND

All cellular communications systems are divided into cells,
where User Equipments (UE) served by one, or when in
soft(er) handover several base stations. Each base station may
serve UEs in more than one cell. The important point from a
positioning and navigation perspective is that the cell where a
specific UE is located is known in the cellular system. Hence,
after determination of the geographical area covered by a
specific cell, it can be stated that the UE is located somewhere
within said geographical area, as long as it is connected and
the reported cell identity of the serving cell is equal to the cell
identity corresponding to the particular geographical area.

An example of positioning within a Wideband Code Divi-
sion Multiple Access (WCDMA) cellular system operates
briefly as follows, assuming that the positioning operates over
the Radio Access Network Application Part (RANAP) inter-
face. The procedures are however similar for e.g. the Global
System for Mobile communications (GSM) and Code Divi-
sion Multiple Access 2000 (CDMA 2000).

A message requesting a location estimate is received in the
Serving Radio Network Controller (SRNC) over the RANAP
interface. The quality of service parameters of the message is
assumed to be such that the Radio Network Controller (RNC)
selects the cell identity positioning method. The SRNC deter-
mines the serving cell identity of the UE to be positioned and
retrieves a pre-stored polygon that represents the extension of
the serving cell. The SRNC sends the resulting cell polygon
back to the core network over the RANAP interface, using a
cell polygon format in a location report message.

It should, however, be noted that due to the complexity of
the radio propagation, the cell polygon format is only an
approximation of the extension of the true cell. The selection
of the polygon format is dictated by the need to have a rea-
sonably flexible geographical representation format, taking
e.g. computation complexities and reporting bandwidths into
account.

Since the polygon format approximates the cell extension,
the polygon is normally pre-determined in a cell-planning
tool to represent the cell extension with a certain confidence.
The confidence is intended to represent the probability that
the UE is located within the polygon, conditioned on the fact
that it is connected to the cell that is represented by the cell
polygon. The underlying off-line calculation of the cell poly-
gon can e.g. be based on coverage simulations of varying
levels of sophistication. However, the end result is normally
not very reliable when the confidence of the calculated cell
extension is considered.

The accuracy of the cell identity positioning method is
mainly limited by the size of the cell, something that prevents
it from being used in more sophisticated navigation applica-
tions. Its main advantages include a very low response time as
well as the fact that it is widely spread and always available
where there is cellular coverage. The cell identity method is
also straightforward to implement and has no UE impact. The
advantages has lead to an interest for the development of
Enhanced cell identity (E-cell ID) positioning methods that
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aim at enhancing the accuracy of the basic cell identity
method at the same time as the advantages of the method are
retained.

One principle for E-cell ID positioning aims at combining
the cell extension model with a distance measure. Two pos-
sibilities towards this end are Round Trip Time (RTT) mea-
surements and path loss measurements. The most accurate of
these two alternatives is the RTT measurement. The path loss
measurement suffers from shadow fading effects, which
result in accuracies that are of the order of halfthe distance to
the UE. In the RTT measurement principle, the travel time of
radio waves from the Radio Base Station (RBS) to the UE and
back is measured. The RTT method alone defines a circle
around the RBS. By combining this information with the cell
polygon, left and right angles of the circle can be computed.

Another idea for enhanced cell identity positioning has
been to use pre-calculated maps of the regions where the UE
is in soft(er) handover with one or several cells. Such areas are
significantly smaller than the whole cell opening up for a
better accuracy of the determined position. Normally these
maps are pre-calculated in the planning tool, exactly as the
ordinary cell polygons.

In the present disclosure, the term high precision position-
ing is used to denote positioning methods that have a potential
to meet the North-American E-911 emergency positioning
requirements. Methods that meet these requirements are
capable of obtaining positioning accuracies of

either (terminal based) 50 meters (67%) and 150 m (95%),

or (network based) 100 meters (67%) and 300 m (95%).

One well-known positioning method is the so-called
Assisted GPS (A-GPS) positioning. A-GPS is an enhance-
ment of the global positioning system (GPS). An example of
an A-GPS positioning method is displayed in FIG. 1, in this
case a WCDMA system. In this system, the radio network
controller (RNC) acts as the node that collects, refines and
distributes assistance data to the terminals (denoted user
equipment (UE) in WCDMA). The core network (CN)
requests positioning of a UE over the RANAP interface. In
response, the RNC may use various kinds of A-GPS tech-
niques, all these techniques do however build on assistance
data being handled by a node in the cellular communication
system. The RNC orders positioning measurements to be
performed in the UE, measurements that are performed by
dedicated A-GPS receiver hardware in the terminals. These
receivers detect GPS transmissions from the satellites that are
also denoted space vehicles (SVs).

Accordingly, the GPS reference receivers attached to e.g. a
cellular communication system collect assistance data that,
when transmitted to GPS receivers in terminals connected to
the cellular communication system, enhance the performance
[8] of the GPS terminal receivers. Typically, A-GPS accuracy
can become as good as 10 meters also without differential
operation. The accuracy becomes worse in dense urban areas
and indoors, where the sensitivity is often not high enough for
detection of the very weak signals from the GPS satellites.

Additional assistance data is collected from the cellular
communication system directly, typically to obtain a rough
initial estimate of the position of the terminal together with a
corresponding uncertainty of the initial estimate. This posi-
tion is often given by a cell identity (cell-ID) positioning step,
i.e. the position of the terminal is determined with cell granu-
larity. Alternatively, a more accurate position can be obtained
by round trip time (RTT) positioning and/or soft(er) handover
maps. The GPS time is also estimated with as good accuracy
as the cellular system allows.

The above-mentioned positioning methods, are not
responsive to events occurring in the cellular system e.g. poor
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radio quality effects or emergency positioning requests.
Therefore, there is a need for solutions that provide that
functionality, and other.

SUMMARY

The present invention relates to an improved positioning
method.

An aim of the present invention is to provide a positioning
method, which is responsive to events occurring in the sys-
tem.

A method for clustering position determination for provid-
ing position determination assisting data in a cellular com-
munications network, includes the steps of detecting S1 an
event, e.g. drop in radio quality or emergency positioning
request. Thereafter providing a tag S2 for the detected event,
said tag comprising event specific information, and providing
(S3) high precision position measurements S3 for the
detected event. Subsequently, repeating S4 the detecting and
providing steps a plurality of times, and obtaining local clus-
ters S5 of high-precision position measurements based on
said event specific tag.

In addition, the present invention discloses an arrangement
1 for position determination in a cellular communications
network. The arrangement comprises an event detector 10 for
detecting an event, atagging unit 20 for providing a tag for the
detected event, said tag comprising event specific informa-
tion. In addition, the arrangement comprises a measurement
unit for providing 30 high precision position measurements
for said detected event. Finally, a clustering unit 40 for obtain-
ing local clusters of high-precision position measurements
based on said event tag.

Advantages of the present invention include:

Enabling event based local clusters of high precision ref-

erence measurements;

BRIEF DESCRIPTION OF THE DRAWINGS

The invention, together with further objects and advan-
tages thereof, may best be understood by referring to the
following description taken together with the accompanying
drawings, in which:

FIG. 1 is an example of a known A-GPS system;

FIG. 2 is an example of a positioning method in which the
present invention can be implemented;

FIG. 3 illustrates an embodiment of a method according to
the present invention;

FIG. 4 illustrates a further example of the present inven-
tion.

FIG. 5 illustrates an embodiment of an arrangement
according to the present invention.

ABBREVIATIONS

AECID Adaptive Enhanced Cell IDentity
A-GPS Assisted GPS

GSM Global System for Mobile Communication
LTE Long Term Evolution

RANAP Radio Access Network Application Part
RBS Radio Base Station

RNC Radio Network Controller

RTT Round Trip Time

SRNC Serving RNC

TA Timing Advance
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UE User Equipment
WCDMA Wideband Code Division Multiple Access

DETAILED DESCRIPTION

A recent development that exploits A-GPS is so-called
Adaptive Enhanced Cell Identity (AECID) positioning [1]-
[6]. A block diagram of an example of'a basic implementation
of'the AECID positioning method is illustrated in FIG. 2.

The AECID positioning algorithm is based on a polygon
format of and an algorithm for computation of a polygon
[1]-[6] from a cluster of tagged high-precision position mea-
surements. In WCDMA the high precision measurements are
e.g. being provided by A-GPS positioning steps. The main
steps of the AECID algorithm are according to the schematic
flow below (for WCDMA in particular steps 1 a-1 ¢, and steps
Sai-5aiii are important)

1. Tagging of high precision position measurements (e.g.

A-GPS measurements) with at least one of

a. Cell Ids of detected cells.

b. Auxiliary connection information (e.g. RAB, time)

c. Quantized auxiliary measurements (e.g. pathloss, sig-
nal strength, RTT, pre-coding indices (in MIMO these
carry angular information) or noise rise)

2. Collection of all high precision measurements with the

same tag in high precision measurement clusters.

3. Calculation of a (tagged) polygon that contains a pre-

specified fraction of said clustered high precision posi-
tion measurements in the interior, thereby providing a
polygon with known confidence [1]-[6] value. Note: The
confidence is the probability that the UE is actually
located in the reported region.

4. Storage of said tagged polygons in a database of poly-

gons.

5. When an AECID positioning is to be performed, the

following steps are performed:
a. Determination of at least one of
1. Cell Ids of detected cells.
ii. Auxiliary connection information
iii. Quantized auxiliary measurements
b. Formation of the tag, defined by step a.
c. Retrieval of the polygon, corresponding to said tag.
d. Reporting of said polygon, over RANAP or PCAP.

The present disclosure relates to positioning in telecom-
munications systems, especially in WCDMA (LTE) and/or
GSM. The previously described positioning method has a few
specific problems with relation to the step of collecting all
high precision measurements with the same tag in high pre-
cision measurement clusters. Firstly, the clustering step is not
responsive to events occurring in the cellular system. Such
events could be the occurrence of poor radio quality effects,
or emergency positioning requests. Secondly, the clustering
step is geographically static, i.e. it is unable to handle geo-
graphical regions the move or vary quickly with time. It is
therefore an aim of the present invention to provide an
improved positioning method, which negates the two above
mentioned problems.

In order to be able to thoroughly describe the benefits of the
present invention, clustering according to priorart [ 1]-[ 6] will
be described.

The focus of the present invention is on improvements of
the state of the art algorithm for clustering in AECID. The
version described here exploits only the cell IDs of the active
set in a WCDMA system for tagging. Extensions are
described in [1]-[6]. The clustering algorithm typically oper-
ates as follows:
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High precision measurements are normally obtained
expressed in the WGS 84 geographical reference system. The
measurements that are available at time t are denoted accord-
ing to Equation 1 below:

(lat(t)long(t)7, j=1, . .. N(), (1)
where lat; (t,) and long; (1) denote the measured latitude and
longitude, respectively, at the time t,. N(t) denotes the total
number of available measurements at time t.

At the same time t; (within some reasonable accuracy in
time), the active set is sampled for cell identities. The result is
the row vector (or pointer) of Equation 2 below:

ActiveSet(z,)=(cID,(£)cIDy(%) . . . cIDy¢() )

where cID, (t) is the cell identity of the l:th strongest cell in
softer handover, for the UE for which high precision position-
ing was performed at time t,. N(t,) is the number of cells in the
active set at time t,.

An arbitrary possible tag used for clustering of measure-
ments, defined according to (2), is now denoted by Equation
3:

Tag;=(Index, (k) . . . Indexyy(K)), k=1, .. . ,K 3)

where Index, (k) is the I:th component of the (fix) tag k, N(k)
is the dimension of the pointer k and K is the number of
pointers. The corresponding list of high precision position
measurements is denoted by List,. At timet the measurements
are denoted according to Equation 4 below:

lag ) (1) lago(f2) lat agn T i) 4

Listi (1) = lo”gkyl([k,l) lOﬂgk,z(lk,z) lo”gk,M(k,;)([k,M(k,r)) s

i1 %) T, M (k)

where M(k,t) denotes the number of high precision measure-
ments of list k at time t. When a new high precision measure-
ment and corresponding active set is obtained at time ty,,,,
the clustering algorithm operates as follows

Fork=1to K
If Tagy, = ActiveSet(tyg.1)

laty(1 (1)

List (tygyr1) = | Liste (0] longy e tve+1)
WNi+1
end
else
do nothing
end
end

The algorithm hence generates one cluster of measure-
ment, for each value.

In addition to the already mention problems with the above
mentioned clustering algorithm, also the following disadvan-
tages with the prior art fingerprinting/positioning method are
present. The previously disclosed functionality of the above-
mentioned fingerprinting algorithm [1]-[6] is not capable of
dynamical initiation, maintenance, and discontinuation of
clusters of high precision measurements, in response to cer-
tain events. Further, the previously disclosed functionality
does not include post-processing of emergency positioning in
emergency center software.

The present invention aims to solve those problems by
providing a dynamic event based tag control of the finger-
printing event localization.
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Specifically, the present invention discloses new and
improved methods for localization of events in cellular sys-
tems, using previously disclosed technology for fingerprint-
ing cellular positioning [1]-[6]. The method is applicable for
both GSM and WCDMA.

This invention relates primarily to the clustering step ofthe
above-mentioned fingerprinting positioning algorithm [1]-
[6].

With reference to FIG. 3, a general embodiment of an
improved clustering positioning determination method
according to the present invention will be described. The
method will be mainly described in the context of a WCDMA
(LTE) system, but is equally applicable for a GSM system or
similar.

Initially an event is detected S1 in the system, the event can
comprise a predetermined indication such as an incoming call
classified as an emergency call according to a set criteria, or a
detected drop in radio link quality or corresponding param-
eter. Subsequently an event specific tag is provided S2 based
on the detected event. This event specific tag can be used to
completely replace an already present tag, or can be used to
adapt or update an already available tag with additional event
specific information. High precision position measurements
are subsequently provided S3 for the detected and tagged
event. For the case of E-911 calls, the measurements are
automatically provided, for other scenarios the step of pro-
viding the measurements can comprise performing the actual
measurements, initiating measurements or receiving mea-
surements collected by a node in the system. The steps of
detecting events, tagging detected events and providing high
precision position measurements are repeated S4 a plurality
of'times to obtain local clusters S5 based on the event specific
tag.

One main aspect of the method described above is that it
enables replacing or augmenting the tagging ofhigh precision
measurements/positioning (e.g. latitude/longitude points)
used in order to establish localized clusters of high precision
measurements, with information related to specific events.
The replacement/augmentation enables important applica-
tions, in particular for emergency positioning. In [1] the clus-
ters are e.g. organized by cell IDs, i.e. the fingerprinting
algorithm builds cell polygons at the highest level, said cell
polygons being geographically static.

It is off course not viable to continuously have the above
described local clustering process enabled. [t would therefore
be beneficial to enable an initiation procedure for the local
clustering method of the present invention. This could be
enabled by an embodiment of a detection algorithm for ini-
tiation of the event based clustering process, local in time and
geographical location, according to the following:

Providing means and methods for storing and determining
when a sufficient number of events (e.g. emergency
calls) have occurred closely enough in time and space, to
trigger the initiation of the local clustering process (of
high precision measurements).

Providing means and methods for determining when a new
event (e.g. emergency call) originates closely enough in
time and distance, to be associated with the event (emer-
gency) cluster of high precision measurements,

If so, including said new high precision measurement in
said event (emergency) cluster.

In addition, the present invention enables an organization
of clusters after geographically and temporally local collec-
tions of emergency calls (disregarding cell information for
the moment). Such collections of emergency calls, occurring
closely in time, are likely to occur in disaster situations, e.g.
caused by wild fires, unintentional release of poisonous emis-
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sions in the atmosphere, nuclear accidents or large terrorist
activity. It should be noted that the location of the collections
of'emergency calls are likely to move, e.g. due to the wind. It
would therefore be beneficial to provide a clustering method,
which enables tracking S6 the movement of a local event-
based cluster according to the present invention.

Accordingly, and with reference to FIG. 4, an embodiment
of'a method for tracking S6 the movement of an event based
local cluster will be described. Basically, the geographical
position of a local event based cluster of high precision posi-
tion measurements is determined at a specific moment in
time. The geographical position can be determined by means
of calculating a centre of gravity of the local event based
cluster by some known method, updating the local cluster by
removing high precision measurements when the age of the
measurement reaches a predetermined threshold, and recal-
culating the geographical position of the updated cluster.
Consequently, the movement of the event cluster can be deter-
mined and monitored. This provides a powerful tool for man-
aging e.g. fire fighting or other disaster areas. In short, the
present invention provides maintenance algorithms for local
event (emergency) clusters, thus enabling movement of the
cluster by removal of high precision points, depending on
their age or location. Note that this removal is many orders of
magnitude faster than in the maintenance of the static clusters
of the previously disclosures [1]-[6].

In case of monitoring of cellular radio connections in cer-
tain areas, the maintaining algorithms would be omitted. Fur-
ther, tagging would be augmented with a radio quality mea-
sure. Still further, the original structure of tags of [1], using
cells at the top, would probably be retained, i.e. this would be
a case where tagging are augmented, not replaced.

Further, the present invention discloses methods and
arrangements for dynamic tag control, wherein all new func-
tionality for tagging and clustering would re-use the disclosed
techniques for computation of polygons, from the obtained
clusters of high precision measurements. However, the emer-
gency tagging and clustering solution can also reside in the
emergency center (PSAP) itself—there is no need for it to be
located in the positioning node of the cellular system.

Finally, the present invention provides fingerprinting posi-
tioning software for post-processing of emergency position-
ing, said software for post processing thus exploiting reported
emergency positioning.

Below follows detailed examples and explanations of the
embodiments of the present invention.

The starting point of the methods of the present invention is
that the positioning node where the AECID algorithm is
implemented monitors certain selected events. This can e.g.
be the occurrence of emergency calls, dropped calls, or failed
connections. At least two classes of events can be distin-
guished:

Firstly, situations where the event means that the connec-
tion is not lost, i.e. where further actions can be initiated for
the ongoing connection. The classification of a call as an
emergency call is an example.

Secondly, situations where the event means that the con-
nection is lost, i.e. further actions must be initiated on other
connections that are “close” geographically. The occurrence
of'a dropped call is an example.

The dynamic tag control functionality need to work difter-
ently in the two cases. In the first case, the dynamic tag control
initiates the initiation of a cluster directly, using the triggering
event, the associated position (if it exists, otherwise a posi-
tioning can be initiated), possibly in connection with other
events or information sources. In the second case, the
dynamic tag control needs to initiate the initiation of clusters
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8

using a tag that is different from the event itself. The initiation
need to be performed in a larger region, e.g. a cell, since there
is no position associated with the triggering event. The ini-
tiation scheme is also different since a number of connections
need to be actively supervised.

It is finally noted that the initiation of the cluster initiation
scheme is performed dynamically, in response to events in the
cellular network. Previously disclosed algorithms are not
capable of this—rather they are designed to operate continu-
ously.

A few examples of implementation of initiation of the
dynamic tag control with relation to a positioning system will
be described.

A first case is described for the occurrence of emergency
calls. The first step is to establish the event specific tag, see
Equation 5, consisting only of emergency call information

Tag,=(isEmergencyCall,(z,)) %)

Note that the Boolean isEmergencyCall is really superflu-
ous, it is included for clarity only. Note further that no other
information related to the cell is included. The reason is that
the emergency region may extend over cell borders and that it
may move. A tentative cluster is then initiated as Equation 6:

lar ®)
tentativeCluster = | long,
I

It can be noted that in case of emergency calls, at least in
North-America, a high precision (A-GPS) reference position
is typically automatically generated. If A-GPS is not success-
ful, a fall back method with lower accuracy may be automati-
cally applied. If this is not the case, the position needs to be
generated as well, by initiation of a new positioning. A search
is then initiated, for emergency calls that originate close to the
tentative cluster. To describe one possible algorithm the vec-
tor pointing to the first point of the cluster (in a selected
Cartesian coordinate system) is denoted by r;, additional
points associated with emergency positions are denoted r,.
One possible initiation algorithm is then

sizeOfCluster = 1
While t; = t;, <tpeshon,1
If (lr; = 1111 < dgeshiona,1 & isEmergencyCall; (t;)
lat;
tentativeCluster = | tentativeCluster long;
4
sizeOfCluster = sizeOfCluster + 1
End
end
if sizeOfCluster > sizeLimit

localCluster = tentativeCluster
End

Here sizeOfCluster is the number of reference positions of
the tentative Cluster, t; is the time tag of the i:th emergency
call since the dynamic tag control first triggered the initiation
of the cluster, t,,,,,,4, 15 @ threshold setting the maximum
duration for the build up of the tentative cluster, ||r,—r, || is the
distance between the position of the i:th emergency call and
the first, dy, oe,074,1 18 the threshold, defining how close posi-
tions need to be to qualify for being in the same cluster,
sizeLimit is the required minimum size of a tentative cluster
to qualify as a firm cluster (successful initiation), and local-
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Cluster is the initiated cluster, describing the established
emergency region. Clearly, many other alternative algorithms
can be constructed.

A second case is described for the situation of dropped
calls. A first step is then to establish the even specific tag. In
this case, the tag cannot be related to the event “dropped call”,
since then there will not be any position available. Rather, a
tag related to poor radio quality is suitable, i.e. a Boolean
isPoorRadioQuality is introduced. The initiation then pro-
ceeds by monitoring the isPoorRadioQuality quantity, for all
connections in a specified region, e.g. a cell. High precision
(A-GPS) reference positions are measured relatively often for
each connection. Then when a first connection reaches a
situation where isPoorRadioQuality becomes true, a tag is
created according to Equation 7:

M

where Tag,.,.....mcq: 15 the part of the tag that may contain
additional standard parts of the fingerprint consisting e.g. of
cell IDs and quantized RTT measurements as described in
[1]-[6]. Note that the Boolean isPoorRadioQuality is super-
fluous, it is included for clarity only.

Using the latest measured high precision position measure-
ment of the connection a tentative cluster can then be initiated
similarly as described with relation to the first case. Note that
contrary to the first case, the cluster will be stationary in this
case, this being the reason why additional parts may be intro-
duced in the tag in Equation (7) to increase the resolution of
the result. Note that if this is done, the distance check of the
previously described algorithm needs to be augmented with a
check that the tag is the same as for the first collected high
precision measurement.

In order to be able to follow the evolution of an emergency
region, the cluster defining said region needs to be updated.
One of many ways to achieve this, as mentioned previously, is
to specify a threshold for the age of points in the correspond-
ing cluster, followed by the steps of

Removal of high precision measurements that are older

than the specified threshold. Note that this is possible
since the time of each high precision measurement is
saved in the cluster.

Recalculation of the polygon that describes said cluster,

see [1]-[6] for details.

The tracking of local event based clusters according to the
present invention can be performed by means of the following
schematic algorithm, also with reference to FIG. 4. The posi-
tion of the local event cluster at two points in time (t1, t2) is
indicated by the two ellipses, each with a respective calcu-
lated centre of gravity (x1, y1; x2, y2), and the speed of the
cluster is indicated by the arrow v, where the position and
velocity of the cluster is determined according to:

v (t+D=v, (O)+w, (D)

Tag,=(isPoorRadioQuality, (¢,)Tag,copraphicar)s

v+ D)=y, (O+w, (1)
X+ D=x () +v, (D) T+w (1)

e+ D=y (O +v, (D) THw, (1)

The calculation can be performed by means of a Kalman
filter or similar. The determination of the centre of gravities
and tracking of the event cluster can also be utilized in order
to estimate a predicted movement pattern of the cluster. In that
case the above calculated motion vectors are used to predict a
next location of the cluster, and initiate detection of e.g.
emergency call near the predicted location. This enables a
rapid response to incoming emergency calls, and provides a
valuable tool for coordinating actions from e.g. fire brigade or
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similar. A further possible application would be to utilized the
determined movement to estimate a point of origin of the
event, e.g. initial start of fire, release of gas etc.

It should be noted that since the generation of emergency
regions or clusters are based solely on the fact that the high
precision measurements are related to an emergency call, itis
possible to locate the complete AECID algorithm in the emer-
gency centers.

In summary, the present invention can be presented as

Tagging of high precision (A-GPS) measurements/posi-

tioning (lat/long points), with information related to spe-

cific events, for example

The occurrence of emergency E-911 calls, at specific
and close times.

Radio link quality drops below certain thresholds.

Detection algorithms for initiation of a new emergency call

based clustering process, local in time and geographical

location, said detection algorithms

Providing means for storing and determining when a
sufficient number of emergency calls have occurred
close enough in time and space, to trigger the initia-
tion of a new local clustering process (of high preci-
sion (A-GPS) measurements).

Providing means for determining when a new emer-
gency call originates closely enough in time and dis-
tance, to be associated with the emergency cluster of
high precision (A-GPS) measurements,

If s0, including said new high precision (A-GPS) mea-
surement in said emergency cluster.

Maintenance algorithms for said emergency clusters, said

algorithms enabling tracking of moving clusters.

Fingerprinting positioning software for post-processing of

emergency positioning, said software for post process-

ing thus exploiting reported emergency position

According to a basic embodiment with reference to FIG. 5,
an arrangement 1 for improved clustering for includes the
following entities, units, or functions. The arrangement 1
includes an event detector unit 10 for detecting events in a
communication system. In addition, the arrangement com-
prises a tagging unit 20 providing a tag for each detected
event. The tag comprises event specific information. Further,
the arrangements includes a measurement unit for providing
30 high precision position measurements for each detected
event. Finally, a clustering unit 40 for obtaining local clusters
ot high-precision position measurements based on said event
tag.

According to a further embodiment, the arrangement com-
prises a tracking unit 50 for tracking the movement of the
local event clusters.

The embodiments described above are to be understood as
a few illustrative examples of the present invention. It will be
understood by those skilled in the art that various modifica-
tions, combinations and changes may be made to the embodi-
ments without departing from the scope of the present inven-
tion. In particular, different part solutions in the different
embodiments can be combined in other configurations, where
technically possible. The scope of the present invention is,
however, defined by the appended claims.
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The invention claimed is:

1. A method of clustering position determination for pro-
viding position determination assisting data in a cellular com-
munication network, comprising:

detecting, by a radio network controller (RNC), an event;

providing, by the RNC, a tag for the detected event, the tag

comprising event-specific information and a time;
providing, by the RNC, high-precision position measure-
ments for the detected event;

repeating, by the RNC, the detecting and providing steps a

plurality of times;
obtaining, by the RNC, a local event cluster of high-preci-
sion position measurements based on the tag; and

tracking, by the RNC, a movement of the local event cluster
by determining a geographical position by calculating a
center of gravity of the local event cluster, generating, by
the RNC, an updated local event cluster by removing a
high-precision measurement from the local event cluster
when an age of the high-precision measurement is
greater than a predetermined threshold, and determining
ageographical position of the updated local event cluster
by recalculating the center of gravity.

2. The method of claim 1, wherein providing the tag com-
prises replacing an available tag with the tag comprising the
event-specific information.
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3. The method of claim 1, wherein providing the tag com-
prises adapting an available tag by at least adding the event-
specific information.

4. The method of claim 1, wherein the tag is provided in
response to a detected predetermined event.

5. The method of claim 4, wherein the predetermined event
comprises an emergency call, and the tag comprises emer-
gency call information.

6. The method of claim 4, wherein obtaining a local event
cluster comprises initiating a tentative event cluster including
the detected predetermined event, searching for identical
events originating close to the tentative event cluster, and
adding tags and high-precision position measurements asso-
ciated with found identical events to the tentative event clus-
ter.

7. The method of claim 6, comprising initiating a local
event cluster including the tentative event cluster when a
number of identical events of the tentative event cluster
reaches a set threshold.

8. The method of claim 1, wherein the event comprises a
dropped call; providing the tag comprises monitoring a pre-
determined radio quality parameter; and the tag is provided
when the predetermined radio quality parameter reaches a
predetermined minimum threshold.

9. The method of claim 8, wherein obtaining a local event
cluster comprises initiating a tentative event cluster including
the tag and corresponding high-precision measurement, and
adding tagged events to the tentative event cluster as the
tagged events are provided.

10. The method of claim 9, comprising initiating a local
event cluster including the tentative event cluster when a
number of tagged events of the tentative event cluster reaches
a set threshold.



